Purpose: Oncotype Dx 21-gene assay recurrence score (RS) predicts recurrence of early-stage breast cancer (ESBC). We investigated whether patient, tumor, or practice characteristics drive its use and explored Oncotype DX RS and chemotherapy use in subgroups.
Introduction
The development of genomic assays prognostic for the risk of recurrence of early-stage breast cancer (ESBC) and predictive of the likelihood of a patient benefiting from chemotherapy has helped refine treatment decisions in patients with ESBC. Genomic assays build on previous efforts to individualize treatment, such as receptor assays, tumor size, tumor grade, and others. Such assays help personalize treatment so that each patient will receive the most beneficial treatment for his or her individual cancer scenario. This might entail receiving more or less chemotherapy, depending in what has been determined to be the most appropriate for the individual. Therefore, physician and patient adjuvant treatment decision making is positively affected by the use of genomic assays. 1 Historically, chemotherapy has been recommended in the United States and Europe for most women with primary breast cancer tumor size Ͼ 1 cm, with no consideration given as to whether axillary lymph nodes are involved. [2] [3] [4] [5] Chemotherapy is used in approximately 75% of women less than 50 years of age, in 30% of women between 50 and 69, and in approximately 5% of women Ն 70. 6 Adjuvant hormonal therapy is adequate treatment for approximately 85% of women with early-stage estrogen receptorpositive (ERϩ) breast cancer. 7 Fewer than 20% of women with lymph node-negative (LN-), ERϩ breast cancer treated with tamoxifen will have a recurrence of cancer within 10 years. 8 Because many women can be cured by local and/or hormone therapy, many may undergo chemotherapy unnecessarily.
To better discern which patients will benefit from chemotherapy and which can safely avoid it, the Oncotype Dx assay (Genomic Health, Redwood, CA) was developed. It is a 21-gene assay capable of providing an individualized prediction of the benefit of chemotherapy and the rate of cancer recurrence at 10 years. With this test, cancer treatment can be planned that will be most effective for an individual, on the basis of a genomic analysis of the person's tumor tissue. The test is a clinically validated 9 genomic test that provides a recurrence score (RS), which can be used to predict the chance of recurrence in patients with newly diagnosed early stage LN-, ERϩ breast cancer and in postmenopausal women with lymph nodepositive (LNϩ), hormone receptor-positive (HRϩ) invasive breast cancer. It is a proven, multigene expression assay that is incorporated into ASCO 10 and National Comprehensive Cancer Network 11 guidelines.
The Oncotype DX RS is divided into low-, intermediate-, and high-risk categories. These categories help to provide a more accurate picture of which patients are more likely to benefit from chemotherapy. Studies 12-20 have analyzed and validated the use of the RS for predicting distant and locoregional recurrence of breast cancer. By analyzing the RS results in 668 of 675 tumor blocks, Paik et al 8 determined that patients could be categorized as being at low (51%), intermediate (22%), and high risk (27%) of distant recurrence of cancer. Kaplan-Meier analysis indicated that the risk of 10-year recurrence was 6.8% in the low-risk, 14.3% in the intermediate-risk, and 30.5% in the high-risk patients. 8 By identifying low-risk patients unlikely to benefit from chemotherapy, the test helps to prevent unnecessary chemotherapy use; additional chemotherapy costs; and chemotherapy-associated adverse events including toxicity, hospitalization, reduced productivity and quality of life, and possibly even death. Meanwhile, high RS indicates a greater magnitude of benefit from chemotherapy. 21, 22 The goals of this study were to determine whether patient or disease characteristics drive Oncotype DX RS use, to evaluate the association between RS and chemotherapy use, and to determine the concordance between RS use and overall chemotherapy administration.
Methods
This was a retrospective observational cohort study that used the iKnowMed (iKM) electronic health record (EHR) system of McKesson Specialty Health (MSH) and The US Oncology Network (USON) to address research questions. Patients diagnosed between January 2008 and June 2009 with stages I-II, LN-, estrogen receptor-positive (ERϩ), or human epidermal growth factor receptor 2-negative (HER2-) breast cancer were included in the study.
ERϩ status is notated in our health records on the basis of at least 1% staining of ER in the invasive component of the cancer. HER2-status is based on immunohistochemistry or fluorescence in situ hybridization and noted on the EHR by the treating physician. These criteria are clinician-validated information.
iKM is a proprietary oncology-specific EHR system that is currently adopted by more than 80% of USON-affiliated sites. It has been previously used as the basis of research analyses. [23] [24] [25] [26] All patients enrolled in clinical trials during the study period were excluded, as were patients treated for another cancer. Patients with missing ER and HER2 values and nodal status in their chart were also excluded (Figure 1) .
Oncotype RS for breast cancer patients is documented in a standardized fashion in iKM. In the rare instances that patients have missing RS data, text mining with a key word search for "Oncotype" or "recurrence score" was conducted in free-text areas, such as physician notes or nurse notes, to determine whether an Oncotype DX was ordered but the RS was not reported. No additional RSs were identified in free-text notes. The majority of those with Oncotype or RS not identified in the free-text notes but with RS entered into iKM failed the RS test because of insufficient tissue, and a few failed for reasons that were not described.
RS documentation and results were abstracted via programmatic query of the iKM EHR system. RSs were segmented into low (Ͻ18), intermediate (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , and high (Ն 31) risk groups. Patients were further characterized with respect to age at diagnosis, baseline Eastern Cooperative Oncology Group performance status (ECOG PS), tumor size, tumor grade, geographic region, and receipt of chemotherapy during the study period. Age was segmented into five categories, Յ 45, 46 to 55, 56 to 65, 66 to 75, and Ն 76; tumor size was grouped into three categories, Յ 2.0 cm, Ͼ 2.0 cm and Յ 5.0 cm, and Ͼ 5.0 cm; and tumor grade was grouped into grades 1, 2, and 3. Patients were also divided by geographic region into midwest, northeast, south and west (the US Census Regions and Divisions). This study was conducted after it was approved by the institutional review boards of MSH and USON.
Patients were described at baseline regarding demographic and clinical characteristics overall and stratified by RS utilization (yes/no). To identify factors associated with RS use, comparisons were made between patients with and without a documented RS test. Among patients with available RS results, comparisons were made by chemotherapy status (yes/no) to evaluate the association between RS and the likelihood of receiving chemotherapy. To further explore factors associated with treatment decisions, we conducted stratified analyses of risk categories (ie, low, intermediate, high) by RS to determine whether other clinical factors (age, tumor grade, tumor size, and baseline ECOG PS) were associated with chemotherapy use in patients in the various risk categories.
The statistical significance of observed associations was evaluated using the 2 test, and the Cochran-Mantel-Haenszel test. Homogeneity of association across risk groups was evaluated using the Breslow-Day test. Statistical analyses were conducted with SAS version 9.2. All statistical tests were interpreted at alpha ϭ 0.05, two-tailed.
Results
In this study, 6,229 patients with EBC were identified who were eligible for RS testing. Of these, 1,822 (29%) had available RS results; 4,407 (71%) did not (Table 1; Figure 1 ). In patients who underwent RS testing, use was highest in those between 46 and 65 years of age (1,170; 64%), with better ECOG PS of 0 and 1 (1,632; 90%), and smaller tumor (1,462; 80%). Approximately 81% of patients (1,479) had tumor grade Յ 2.
With regard to tumor size, patients with a T1c tumor (2,626) more commonly underwent RS testing (1,011; 38%). RS use was greatest among patients with tumors on the borderline of chemotherapy choice, as dictated by guidelines. 27 These include T1b, T1c, and T2 tumors. Use decreased in patients with very small (T1mic and T1a) and very large (T3) tumors, for whom decisions regarding chemotherapy were more likely to be based on size, given favorable pathology.
Of the 983 patients with a low RS, 6% (95% CI, 4% to 7%) received chemotherapy; of the 668 patients with an intermediate RS, 42% (95% CI, 38% to 46%) received chemotherapy; of the 171 patients with a high RS, 84% (95% CI, 77% to 89%) received chemotherapy. An association between RS and chemotherapy use was observed in our study (P Ͻ .001; Appendix Table A1 , online only).
Patients age Ն 76 years had decreased chemotherapy use across low-, intermediate-, and high-RS groups (0%, 20%, and 50%, respectively; Appendix Table A2 , online only). Patients with smaller tumors had decreased chemotherapy use across low-, intermediate-, and high-RS groups (4%, 39%, and 84%, respectively), whereas those with larger tumors had increased chemotherapy use across low, intermediate, and high RS groups (38%, 67%, and 100%, respectively; Appendix Table A3 , online only).
Patients with lower grade tumors had decreased chemotherapy use, whereas those with higher grade tumors had increased chemotherapy use in the low and intermediate RS groups. Among the patients with high RS, chemotherapy use was the same for those grades 2 and 3 tumors (84%), but higher for those with grade 1 tumors (90%). This may be because fewer patients were identified with high RS and lower grade tumors (Appendix Table A4 , online only). When stratified by RS, ECOG PS and geographic region did not have a significant impact on the decision regarding chemotherapy utilization (Appendix Tables A5 and A6 , only only).
Adjusted for other covariates (Table 2) , for a patient with a low-risk RS, the odds of receiving chemotherapy were 23.2% (95% CI, 0.17% to 0.317%) of the odds for those without a valid RS test. Compared to patients without a valid RS, those with an intermediate-risk RS were 3.19 (95% CI, 2.59 to 3.93) times more likely to undergo chemotherapy, and those with a high-risk RS were 23.79 (95% CI, 14.36 to 39.41) times more likely to undergo chemotherapy.
In Appendix Figure A1 (online only), green bubbles represent original continuous RS, and blue bubbles represent RS in each risk group. The size of the bubbles represents the sample size of each specific score. The significant increasing trends in chemotherapy use can be observed in both original RS and average RS, which demonstrate that RS was highly associated with chemotherapy use.
Discussion
The data suggest that the RS test is generally ordered to help physicians decide whether a patient should receive chemotherapy. However, in certain eligible patients, the decision whether to use chemotherapy may have been based on other factors, such as tumor type, tumor size, poor ECOG PS, patient age, or patient's or physician's treating preference, in which case the RS test may not be ordered, although a wide distribution of RSs has been reported across age, grade, and tumor size. 28 Chemotherapy use is not always associated with Oncotype DX RS. The most obvious reason for this is that the decision whether to use chemotherapy is a choice made between a doctor and a patient on the basis of many variables. Despite being at low risk, a younger patient with a large tumor may perceive that she would be more comfortable receiving chemotherapy in hopes of risk reduction, despite the intent to follow the RS value 
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in determining the treatment plan. Conversely, an older patient with significant comorbidity and a high RS might make an educated choice to forego chemotherapy despite the high RS. Of the 6,229 patients included in our study, RS results were obtained for 1,822 (29%) of these patients; 983, 668, and 171 patients had low, intermediate, and high RS, respectively. Of these, 6%, 42%, and 84% of patients in the low, intermediate, and high RS groups, respectively, received adjuvant chemotherapy. Three-way contingency tables demonstrate that chemotherapy administration for each category was higher among patients who were younger, had better ECOG PS, and had larger and higher grade tumors. 29 The RS value was associated with the use of current chemotherapy regimens in USON; chemotherapy use was high in patients with a high RS and low in patients with a low RS. In the intermediate RS group, chemotherapy use was 42%. Practice patterns of chemotherapy use in the intermediate RS range are variable, and further insight regarding the benefit of chemother- apy use in this cohort should come from the Taylor-Rx trial, which should report results in 2015.
Results of our study provide evidence that RS influences the decision-making process of whether to incorporate chemotherapy into the care of patients with ESBC seen in the outpatient community setting. In a studyinvolving 17 medical oncologists, Lo et al 1 found that RS had an impact on medical oncologists' adjuvant treatment recommendations. Eighty-nine (96%) of 93 patients completed questionnaires before and after undergoing RS testing. After the study, 24 (27%) of the patients changed their treatment decisions. Nine (10.1%) of these changed their decision from chemotherapy plus hormone therapy (CHT) before the test to hormone treatment (HT) alone after the test. For 20 patients, physicians recommended CHT treatment before the test, but after the test they changed their recommendation for all 20 patients to HT treatment only. As a result of RS testing, treatment recommendations changed for 22.5% of patients on the basis of individual test results. A recent meta-analysis of 912 patients conducted by Hornberger et al 30 suggested a similar rate in change of treatment recommendations; 37% of decisions were changed after the RS was obtained. Of interest in this analysis is that 4% of patients were originally scheduled for HT only but were rated as high risk according to their RS. The result of the RS test changed the decision to include chemotherapy, because the test result indicated high risk for recurrence and that the tumors would respond favorably to chemotherapy. This is an important consideration, because the introduction of genomics may allow further consideration of which treatment is optimal based on tumor biology where there may be both certainty and uncertainty in clinical-pathological variables before treatment recommendations are made. For example, in the B-20 results, 12 16% of patients with a tumor less than 1 cm had a high RS. Similar findings based on analysis of two clinical variables were found in the study by Leiberman et al. 31 Analyses were conducted in a 2 ϫ 2 format by age, size, and grade and suggested both low-and high-risk RS in patients for whom the results may have indicated a different approach.
Limitations of our study include the lack of capture of RS use if the sample for testing was obtained at a USON clinic that did not use the iKM EHR system or RS results were not documented in the patient's EHR. This may be the case when surgical oncologists order the test in advance of referral to the medical oncologist. Patients also may actually undergo the RS test; however, results might be sent to the physician's office via fax and saved in the iKM EHR as a PDF attachment, from which data are less easily retrievable. We conducted text mining of physicians' notes for the keywords "Oncotype" or "recurrence score (RS)," but no additional RS values were found. However, this does not mean that additional RS tests were not performed, only that they were not found using these keywords. Therefore, the use rate of the RS is likely underreported in this article. Another limitation is that there is a lack of data regarding the reliability and validity of the iKM database. In the future, as data are extracted, perhaps such data will emerge, as they have for such data sources as SEER. Last, the iKM data are collected with an intent-to-treat approach, meaning the data are not collected for research purposes but for clinical practice reasons. This may impede the standardization of the data collection methods and instruments and the reporting practices of the physician.
In conclusion, our study analysis using iKM revealed that only 29% of patients eligible for Oncotype Dx RS testing actually underwent the test. These patients were younger and had better ECOG PS. The data suggest that the RS score influenced the decision about whether to use chemotherapy. This finding is highly significant and demonstrates that the results of the RS test strongly influenced physician and patient decisions as to whether the patient should undergo adjuvant chemotherapy. Future studies should more fully evaluate the independent and interactive associations between patient and practice characteristics, Oncotype Dx RS use, and subsequent chemotherapy. 
